Mast cells are resident in tissues, particularly in association with endothelial and epithelial cell basement membranes, and increase at sites of inflammation, injury, and fibrosis. Although mast cells are known to both release and generate proinflammatory molecules in response to inflammatory stimuli, little is known about their normal biologic function. Here we demonstrate that IL-3-dependent mouse PT18 mast cells, mouse bone marrow-derived mast cells, and rat basophilic leukemia cells express large amounts of mRNA for collagen IV, laminin, and heparan sulfate proteoglycan. Western blot analysis confirmed that mast cells synthesize and secrete significant amounts collagen IV and laminin B1 and B2 chains. These data suggest that mast cells may contribute to normal tissue repair and/or the early overproduction ofbasement membrane components seen in a variety of fibrotic conditions. (J. Clin. Invest.
Introduction
Fibrosis is characterized by an increase in fibrous components of extracellular matrix. The cells responsible for early changes in the fibrotic cascade are unknown and little is known about the role of inflammatory cells in the fibrotic process (1) . The present dogma suggests that the accumulation ofinflammatory cells results in the release of a variety of cytokines that can influence fibroblast and endothelial cell function. Thus several days after injury, fibroblasts accumulate that synthesize large amounts of collagen I and collagen 11 (2) . However, little is known about which cells contribute to the early increased basement membrane collagen IV production seen in fibrotic disorders (3) .
Mast cells are involved in many types of inflammation and repair processes and are found in increased numbers in fibrotic tissues in skin, intestine, and lung. For example, increased mast cell numbers have been documented in the lesional skin of early scleroderma patients (4), while bleomycin-induced experimental lung fibrosis in rats results in a dramatic increase in mast cell number (5) . In systemic mastocytosis, a disease characterized by increased mast cell numbers in the skin, bone marrow, spleen, liver, and lymph nodes, significant fibrotic Address correspondence to Dr. Helen L. Thompson, Mast Cell Physiology, NIH, NIAID, Bldg. 10, Room I IC208, 9000 Rockville Pike, Bethesda, MD 20892 Receivedfor publication 14 February 1990 and in revisedform 9 July 1990. tissue is evident in the bone marrow and liver (6) . In many of these diseases, ultrastructural analysis has indicated the slow release of granule contents conveying the impression of mast cell disappearance, and which is quickly followed by mast cell and fibroblast hyperplasia (7) . Although mast cells are known to variously synthesize granule-associated heparin and/or chondroitin sulfate proteoglycans (8) , little is known concerning the synthesis of extracellular matrix components by these cells. Because of this, and the known association of mast cells with basement membrane and with fibrosis, we have examined the possibility that mast cells may synthesize certain components of extracellular matrix.
Methods
Materials. The following were purchased: RPMI 1640, EMEM, Hepes (Biofluids Inc., Rockville, MD), penicillin/streptomycin, nonessential amino acids, L-glutamine, sodium pyruvate (Flow Laboratories Inc., McLean, VA) and FCS (HyClone Laboratories, Logan, UT).
Cell cultures. The PT1 8 cell line was grown in RPMI 1640 supplemented with 25 mM Hepes, 4 mM L-glutamine, 100,ug/ml penicillin/ streptomycin, 0.1 mM nonessential amino acids, and 1 mM sodium pyruvate (complete RPMI), 10% vol/vol FCS and 10% vol/vol WEHI-3-conditioned media obtained as described (9) . Mouse bone marrow mast cells were obtained from primary bone marrow cultured for 3 wk in complete RPMI supplemented with 10% vol/vol FCS and 20 U/ml of purified IL-3 (10). Rat basophilic leukemia (RBL)' cells were maintained in EMEM supplemented with 15% FCS as described (11).
Northern blot analysis. Total RNA was extracted from mast cells by the guanidine isothiocyanate procedure ofChirgwin et al. (12) and 5 5 106 cells, were boiled and electrophoresed on a 5% SDS-PAGE gel including a separate lane for molecular weight standards. Cell supernatants from cells maintained at a concentration of 106 cells/ml for 24 h were treated similarly. Protein was transferred from the gel to nylon membrane (Immobilon; Millipore, Bedford, MA), and the molecular weight standard lane was removed and stained with amido black. Nonspecific sites on the remainder of the filter were blocked with 50 mM Tris-HCl, pH 7.5, containing 150 mM NaCl, 0.2% NP-40, and 3% BSA. The blot was then incubated with either rabbit antisera against collagen IV or laminin, or goat antisera against collagen I. After 2 h, the blot was washed with the same buffer. Horseradish peroxidase-conjugated anti-rabbit or anti-goat antibody was incubated in the same buffer for a further 90 min. After extensive washing, color detection was performed using 4-chloronapthol (Sigma Chemical Co., St. Louis, MO) as substrate.
Results
Specific transcriptsfor the basement membrane components in murine mast cells. Initial studies were undertaken using the murine IL-3-dependent PT 18 mast cell line, which possesses many of the characteristics of mucosal mast cells in terms of histamine content and proteoglycan synthesis (21, 22) . Total RNA isolated from PT 18 cells was hybridized with the murine cDNA probes specific for the collagen a l(IV) chain (14); and the laminin A, B 1, and B2 chains (15) (16) (17) ; the core protein of the basement membrane heparan sulfate proteoglycan (18) ; and the rat collagen a 1(I) chain ( 19) . The Northern blot analysis revealed mRNA species for the laminin B 1 chain of 6.0 kb ( 7), consistent with the size of these components. In contrast, even after four times the exposure length of the autoradiograph as compared with the autoradiographs for the other Northern analyses, specific transcripts for the a I (I) collagen chain of 5.0 kb were not detected in Northern blot analysis with the cDNA probe for collagen I (Fig. 1, lane 2) ; however, under this length of exposure some nonspecific hybridization of the probe to the 28 and 18S RNA was apparent. As an indication of the relative amounts of each mRNA expressed by the cells, the filter was rehybridized with a fB-actin cDNA probe (Fig. 1, lane 1) , which in most cell types including mast cells, will give a strong signal.
To confirm whether mast cells derived from primary cell cultures also expressed mRNA for basement membrane components, total RNA was isolated from mouse bone marrow cells cultured in the presence of IL-3 for 3 wk. These cultures are composed of 90% mast cells and can be further purified to > 99% by the adsorption of macrophages to the tissue culture flask. Northern blot analysis of total RNA isolated from bone marrow-derived mast cells also revealed transcripts for the components of basement membrane, the a 1 (IV) chain of collagen (Fig. 2, lane 2) , the B 1 and B2 chains of laminin (Fig.  2, lanes 3 and 4, respectively) , the laminin A chain (lane 5), heparan sulfate proteoglycan (lane 6), and,B-actin (lane 1). Specific transcripts for the al(I) chain were not detected (data not shown).
Finally, using these cDNA probes we examined the extracellular matrix components synthesized by the RBL line. Again, high levels ofexpression oftranscripts for al(I) collagen IV chain (Fig. 3, lane 4) , the laminin A chain (lane 5), heparan sulfate proteoglycan (lane 6), and ,B-actin (lane 1) were observed, while lower levels of mRNA for the laminin B 1 and B2 chains were detected (Fig. 3, lanes 2 and 3, respectively) . Again mRNA for the collagen al(I) chain was not detected in RBL cells (data not shown).
Synthesis and secretion ofbasement membrane components in murine mast cells. To establish whether PT 18 mast cells, mouse bone marrow mast cells, and RBL cells translate these mRNA and secrete the protein, the cells were cultured for 24 h in the presence of 3-aminopropionitrile in order to prevent collagen crosslinking. The cells and media were collected, electrophoresed, and immunoblotted with various antibodies to basement membrane components. Western blot analysis of both the cells and cell media from these cell cultures, with antibody to collagen IV (23) , revealed that mast cells synthesize and secrete both the a 1(IV) and a2(IV) collagen chains showing the characteristic doublet at 180 kD (Fig. 4) . Western blot analysis with a polyclonal antibody against murine laminin (24) indicated that mast cells from primary bone marrow cultures and the RBL and PT 18 cell lines synthesize significant amounts of the B 1 and B2 chains of laminin at 220 kD, while little A chain could be detected (Fig. 5) .
To validate the absence ofthe collagen a 1(I) chain as determined by Northern analyses, Western blot analysis of collagen I production was also performed for RBL cells, PT tion of the laminin molecule, the lack of detectable laminin A chain may explain why PT 18 cells and mouse bone marrow mast cells do not attach to their own matrix. The nature of RBL cell adherence to plastic surfaces is not clear, but upon the basis of the present results it would not appear to be a result of adherence to laminin matrix. The selective synthesis of one or more ofthe chains oflaminin has been observed in a number of other cell types (26, 27) , where the synthesis of the A chain of laminin follows at a later stage of differentiation (27) .
The established mast cell lines and the primary mast cell culture examined in this report possess some ofthe characteristics of mucosal mast cells. In vivo, however, it is the connective tissue mast cell that appears most often to be associated with regions where fibrosis is established (5 
